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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To attain high 
reliability and significantly reduce a region to be 
a graft region, as compared with conventional 
bipolar transistors by forming a crystal layer on ) 
a semiconductor substrate in an opening in an 4, ,3,, ' 
insulating film and a conductive layer, and 
forming a growth layer on the surface of the 
conductive layer in the opening. 
SOLUTION: A first insulating film 21 , a 
conductive layer 41 , and a second insulating 
film 22 are formed on a semiconductor 
substrate 10 in this order, and an opening 23 
extending from the surface of the second 
insulating film 22 to the semiconductor 
substrate 10 is formed. A crystal layer 42 is 
formed on the semiconductor substrate 10 in 
the opening 23 by an epitaxial growth, and a 
growth layer 43 is formed on the surface of the 
conductive layer 41 in the opening 23. For 

example, an intrinsic base layer 32 composed of the crystal layer 42 of silicon 
germanium is formed on the semiconductor substrate 10 (n-type epitaxial layer 
13) in the base opening 23. A graft base layer 33, which is composed of the 
growth layer 43 of silicon germanium, is formed on the surface of the conductive 
layer 41 , being exposed inside the base opening 23. 
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mi,zii\>^x. 

mmmifi^-^miz^j: o . 

HuiBife^BJi liaiEBgftJi t mmws b ti^n.mii<zmm 
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[00021 

m (UilTf Tmax tlBf ) ^ XKl'^mZ'thfzMZ. 
y -y r ^m^t LXi^'J^ y^JW?- 
'>A(Sli-x ) fiaSr^-Xfcl^ffltJt. i^'J 

rJ^i^'SIS^^t. f Tmax ^ 1 0 0 GH z A^lgfeSiXT V» 
[00 0 3] ^WMit^-'yVvyi'X9\.Z\t. J^S y 

T«x s , ^± b vyi^y-^mftm 

[00 041 miiJ!*«^Jttr, S^>(CX*-y^'/'<- 
( 1 ) \,Z7f<ti~ 0 <,z, NMiOxh°^^>'A';^Ji2 1 0± 

izmim2 1 1. pm^lm'S:^^f£^'Ji^v^ym2 
12, M-ft;K2 1 3 5:jiii;}^m-rs. ^<^m. mitm2 

1 3 t'+fU i^y3>')S2 1 2 tcOb^^-i^'X^J^jSgP* 
tcMPgP2 1 4 2:X-y^>':J^tci-o-CJK^-r-i.. <>:<'->-C 
mn^2 1 4«ffl!lfitcM-ft)l*»^>^rS-9--f H-^:}— ;l^2 
1 5 ^mm-h o JXtCll 1 8<?5 ( 2 ) IC^^J: 3 a 
-(1:^2 13, *r'J v-'J3y|12 1 2, H'>:t-;k2 
1 5^?X^CtTM^kll2 1 l?rx>y^y:5^t, S'o 

tc^-{tiM2 1 1 [zryy-:^ y h 2 1 1 A^m^-th. 

[000 5] m\^xm\Scr> (3) i^Zm^XoiZ. MB 
Ei^I, mrnt&it^mM^^ (UHV-CVD)S 

ex ) $:±iaxf :J'dE-i^^;i^Ji2 1 0±lCXf 

xf :J'=af>-^;l^a2 1 0±(c: 
{ii^Urjy^';Uv^'>A^B^8J12 1 6*«$<x, 
v-D3y2 1 2ffilc:(±i^i;ayy;P-7-<>^{S!*S^*2 

0180 (4) {^S^-TiolC, ±iexb°:5'JE-v--ir;I^^ft 
iWsbX , y 3 >'y;l''7::i'> AMfaJi 2 1 6 i: 'J 3 
yy;U-7X'>Ati$Sg^g2 1 7fc^«ig?$-li:S. 
[00 0 6] $<^IC01 Qtc^-TJ: iiei^'J^y 
>';l.VXt>i^^fBJi2 1 6±0±jeMPSI52 1 4lC^ 



KO->^^ Y^i(-)V2 2 1 SrJ^EL, §^>(=N* 
>'y3yl2 2 25:Jgfife-ri.. -eUXN* S^KUi^U^ 

yji 2 2 2 i}*ty<r>nmpm^<7i\iikmzx o , u 3 y^' 

;U-7^'^A^fBii2 1 60±J1CN* MXS -y:?^!^ 
(07j^a&) ^Oidtc, M*l?^ftSr^iJffl 

fl.ClttcJ;'? lIlIO^^{ti:2lElco-9-^ K'>:r-;Wg 

^« ^IB, ±fS01 9{i, SOI (Silicon on insulat 

or) ms.f.znLxmi s\.zx->xmRLfzru^:^^m 

[0007 1 »:t;m2i«*l?i|tfr, 02Ofci;t/02 
1 icj;-5Tt«*oxs vd^/^-xm^wkmmt 

I,. 02OO ( 1 ) fcS^-ridK, a^o^'y;W;K'J>' 

3 11 SrJ^^Ufcf*, Ktt^-XOJ^^^^itcrangP 

3 1 2^mm-h, ^:fcBBPSI53 1 2{4±ie<-X«ffi 

3 1 \±.{zm^^tix\^hmms 1 35rSffltTm 
^ixrv^s. i}:v>f02o<o (2) li^-ri^t-, ±12 

IHPgl53 1 2<^mmz^m^^ K-^^j— ;W3 l 4S:?g 

^i"?., -eo^s ,-tfUi/i;3>'*^^^'S>^-xttfii3 1 

1 *-^>cr)fegitcJ: 0*»*»«3 1 Ofci/^7 b^-X 

msisimm-h. ■ - 

[00081 ^01^2 00(3) tc:^-rJ: dtc, xt 

:$'^v-^;W^:SfcJ;-5T'<-X3 1 65rJ^Rg-ri.o 
fc0 2 0 O ( 4 ) (C^-r <k ^ t-, ±jS'<-X 3 1 6 ±tc 
X 5 -y i5';K U >- y 3 >' 3 1 7 SrJ^^-r* . 
[0 0 091 02 10 ( 1 ) \Z^-ti.0iiZ^ 31 

Sory/l'^KUi^UnyxS .y x-fe;U7T5-< 
ylfjSOM^Tn-feXtctjV^T, *f'Jv'U3>'A^^^^ 
'<.-xmai4 1 1 $rJg«t:tf*, *'tt'<.-xom^«{ 
±t-^Pg|54 1 2^mmrr^. ^t3^PgB4 l 2{i:±IS 

<-x«ffi4 1 i±i^zmmtix\>^m'{m4 1 3$ra 

atTJg^^tLTV^S , <XV^t'02 1 0 ( 2 ) tCS^-fi 
xb"^'df>'^;l^^*tJ:-oT, ^PgP4 1 2rtO 
^#t»^4 1 0±tC<-X4 1 4&JKB!t-ri., ClOi; 
t^-fLM4 1 30*Btwtxt:5'^i^A';l'JB4 2 1**?^ 

[00101 i!V-i-C^^tM4 1 30*ffiOXb°:5'^v--^' 
;Pii4 2 1 $r^-ri> . -eof^ 2 1 0 ( 3 ) tcS^-T i 

at:, ±smnm4 1 2oi!isfci^flS-9-'f 

4 1 SiBf^-th. Lfc*-'oT, <-Xl:®4 1 lOill 
gp{cjg^$ix.Jtxb°^'^i'^;l^e*^''<^-xm«64 1 1 i: 
^-X4 1 4 i: t:mmt^i^^y h'<-X4 2 2fc^: 
!>« S^>tc02 1O (4) t^^-Tidtc, ±iB'<.-X4 
1 4 ±lzx 5 >y U >- ij 3 y 4 1 6 imj^-tl « ±16 
02OfcJ:t;f02 ICi-^-Ci^BBL^cTubXti, ffl^ 
0:J^y;I^^ U U 3 VX 5 y ^'Z^— X-fe/P^T 7^ 
M3txetc<-xoxb°^df>-v;P*:KXS^iiJD-r^ 
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[00 11] 

[00 12] tfz±ii:m2i^^mx'ii. ^yyh^-;^ 

[00 13] 

[siis^»^-r-s.^i^i^#s] ±iai»as:jji 

X. m2imm<r)msi}^i^^^i^muzm-t^mi<zm 
nm^B^^tix^'^t. ci(7)mD^fi(ri^i^mm±i>z 

[0014] ^2<D^^^mmii. ^mi^mi±i,zim 
mtmvMttmizm^^ttx\'^x . mMmcr>mm*^'^ 
^iii^izm-^^i<zmami}^mm^tix\>^h, 

xx/z<7Mmm±i>zit^^mt>mm.^rLX^^h i><r>x'h 

m. ^^mtmmmti^'<-^Mmx-hK) . m^Bmtm. 
«Ji b mrnm t ii'^ms^m^zmm^tix v ^ s . 
[0015] ±simi . m2cr,mwmmx'ii. ^^gmt 
mrnm t ifi^^m i^zx-ox mmi>zmm^ ixx^^^ztt^ 

K.~xmmx'hmi. ^^mifi-zyyv^-xm^iZ^j: 

y^yh^-y^W^mht^:h^'^ti:^^i^^^zmm^ix. 

[0016] ^m^mm.ir)'^ 1 (Tmmimi. 
f*s ig2i^iii<o«ffi*»^>^^*««i=»rsiapgP€r 



^Lxm^Bmt^Simtmmmtii^nsm 

[0017] ^miimm<^m2<r>mmjj^it. . 
«Lht;i^M, mmmi:m^zm^Ltz^k. mmmcomm 
i}^t:,imiif^mnzm-ti>mn^^m&i-^. ij^v^t-xt^ 
^^>'^fum^izx>omDUif^(7)^^mi^^±i<zm^Bm 
i:m^-t^tti>i,z. mmasiiH<rmws^mi>zmMm 

[0018] ±MS.^^-fti<^^i^^S<r>^1jmx-i±. 

mmm(Dmisi,zi&-M:mt:^^^^h^ t izx ^^tm 
WLtiz^^ vti^^m t mnm t x-^xmm 
iz^m^ti^. ±imm*'M\t^-y^x'h'ommmii< 
^-xw^X'hitii. ^^mif'^'^yh^-xmiz^^ 

(r>x\ mk^^^-i-!i^—'^h^y'jy^9^z\m.'Lx. y=7 
yv<.-xmmh^j:hm^i}^:kmi,zm^^tih. - 

[00 19] 

hmimM(^-mt . m i cnm^mmmm^zx xm 
m-th, mix'\t. ^mimu<r>-mtL.xwm.(^^p . 

[ 0 0 2 0 ] 0 1 iiz^-tx 0 i,z. pm.x-< 1 0 0 

aymi^tK^o) 1 ltfO±ac{4, SaUScorJi^^'^'i: 
^-S,N* MS«!^3»i^^Jil 2**Jg«$nTV'>a. $f>(~± 
iBi^'J3>'»Kl litctiNaxt-^^v-A-^pai 3*-' 
Jg^Stt-C, ^f*:*«10*i«^$nTV^i>, iCON 
Mxl:f^'=5f£/'A';I/'«1 3{i3l':?'^'i:^a, 
[0021] *;">;±ieNMxf:J'^v-^/l'Ji 1 3<7)±M 

{zx^m^^fix^^h . ^vxm^'^mmLmi A(n-r 

:Ki iio±Jica-ri.p* aco*^ ^sistitxii 1 5*^jg 
$A>fcmis-r-s.mtt'^-xS3 2*»/?>st 

ti/liENfflxf^^i^A'/l'iil 3(c(±±iBN* mM>sb 
S^ei2lcSM-r-g.n* M<03^:7^JROaiLJll 6 

[0022] }Xt=*^BHiOWmh^l.«^2rSiBJ-ri>. 

±fe^»s« 1 0 uzitm 1 ^iiin 2 1 tmumiv. - 
(±d?yv'j3>'3&»^>^?.»TO4 iTjg«t7t'<.-xm 

©3 l*>'^{t'^^^•CV■>i,. $^>tz;±iami^^M2 i± 

a4'<^-x«g3 1 ^mo^2^mm2 2i}mL\imt 
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[0023] ±ti'<.-xmn^2 Scofi&eo^mi^&Wi 
1 0 ( NMxf:?^!^^;!^® 1 3 ) ±lc{i>^'J 
-7^'>A(Sii-x Gex ) C0i!ga®4 2*»fe^&^tt 

'<-x«3 2A-'}g^$a-cv'.i>. tfzm<-:^mn^2 

3«oi*igCtc^l±JtTv->l>#«e4 ico^ffiWii^U^y 
irV^-e^'^jU (S ii-x Gex ) C0^^m4 3i}^h^t 
iT'^V h'^-XJiS 3*^J^^$ixT>r^^ . r C:T±i2X 

{io<x<i t-r-s, •eL.r±iB^B^Ba4 2i:Bg;;Rii4 

3i:{i«i^$aTV^|,. i-^i?*>, <-X«fiB3 1 km 
nMA 1 ) i:SEl4'<.-xS3 2 (iSae4 2) 

7 b'<-:^S3 3 (jSiRii4 3 ) x-mmv-zw^^fct: 

[ 0 0 2 4 ] >5rt3 , ±ie^;Ra{i:fiJ;t(f U 3 
i<7)J; aC*f6Bfl-C«, '<-X^PgP2 3tc^tiltT\''' 

s^«®4 uc^*e4 3*«jg^$nrv^-c, #mJi4 

1 i:^S«4 2 t*-'^:Ril4 3fci-3T^WtcS^^S 

[00251 § fel;±iS'<.-X^PgP2 3c7)fliffilC«i± 

IZ^Wm 4 3 o K ^ 2 4 

tf^ H'>*-;U2 4(Cffl^fL^gC:JJ-*^X5>y:7^Pge2 
5 tC^ I. . ±iBX 5>y^'^PgP25 OJ!£^t:*3ttS ±E 
*'t4<-XB 3 2 0±SlC{i S^OX 5 y ^J'il 3 4 
^WL^fCZ\^h. -etTiOXS ;/^Jl3 4tlg!^-ri. 
*t^t:r±fEx5 «y :5'raP^2 5 WixS >y 3'«ai3 5*« 

[0026] i/c±fS'^-XflSi3 l±i0±iai^2^ 
2 2 Cti's-X ri>':J';?b;^-;U26 fm^^t\.X\^ 
X. ilBrJU'^^'IXOaitJll 6±cr)±IBIIl^M2 
1. m2^)K2 2^lC(in^i7:?3y^^b*-^l-2 

6 sraLT±ia'^-xitffi3 1 ic:g^^-ri.'<-;^#Em 

ffi3 6*<m^ix. ±iax5 -y ^-m^S 5±tI{i:X5 .y 
^'^S«fii3 7*-'J^E?tL. ±iB3^i7^3y^i? b)t: 

2 7 5r M tX ±IB3 ^'BX 0 tB t if 1 6 
-l.3^^':5'^iS^fii38A>»$i^TV^S, ilfi'^- 
X, X.^ v9, 31/^^^JR«ffi3 6. 3 7, 3 8Ji:. 

mx.&i-^y (Ti ) mtmmit^sy (tion) ^ 

h 5 y ^ 1 tiffi ^Six-C V ^ I, . 
[0027] ±iB.'\M4?-9 h^yi^'X;? ITii, 
a4 2 i:«®f 4 1 ht^^-xmu^2 3i7){ilMt:»^ 
L^«;SS4 3tCio-CS?^$ti.-rv^Svlfc*»^>. 



B4 2X'm^^tlhM^^-xm 3 2 t#«)l4 1 T-JF^ 
WL^tl^^~xmB3 1 tti:^ B!t:Rii4 3-C«fi£$iil. 
^=^yh<-xm3 3\,zi.'^X^%mzW^^1xh. z 

cOioiC. '<-X^PgP2 3<0i!lMlC^57h'<.-X« 

[0028] <!Kiz±im 1 T« L^c^^^^lScoKjt 
:6«Sr. ia2-08icJ;oTI¥WciKHB-ri.. 112-11 

[0029] m2<D ( 1 ) l,Z7SK-tXol>Z. PmX'< 1 0 

0 >tsa^rfi[<o#Jsa V >j 3 y *^ lb ^ 'J 3 1 

1 ±i>zm^tm5 1 ?ri5iji.{*mK^Li:i 3 O O n mS 

-th) tlzi&u'Jxh'TX^ (H^^) (r>m^. *3 
itZ-ecDL^i^x hvx^' Srfflv^f^x>y J; -5 

^b^S 1 tC^PgC5 2 Sr}^*-rs . iJ:t^f±ia^i>'X h 

sri^* L^cf*. iiarapgp 5 2 J: 0 mi^mmiz 
mtr>^=ty (Sbj 03 ) ^mmvtiTy^'ty 

(Sb) £omfflt(i;ict<t^T, iiBv-U^y*^! i<7)- 

±Miizisi*mMibjk^mi2imi^'ft, ^(nt^. >■ 

-h^P s(i^;t{f20Q/'n~50Q/ni:L. fi£ 
m^^iilMm^2Mmm^fth. ^LXmi\:M5l 

nxv:Ty^^y(D%^iimmi,z±tfzm^tf^ (mw-M 
m ^ji v^yyfiZX'>xmi:-fh, 

[00301 iggV -if 112 (2) tC^-fiol-. xt^' 

dfv-v;HS;R}£i:J:-^T, ±iHi^ 'J =J 1 l±tcN 
Mxh-^dE-i^as,;^Jll 3$:}g^f i<7)NSxb'^df. 
l^^JVm 1 3 {i . 0IJi. (f ffifil**^' 0. 3Qcm~5Qc 
m. m-^-h^O- 1 txm.^2fJLmUmzm^^iXh. ^<r> 

±ieN* mmyik^m\2if}L%t^mx.^^^i^^ 

lOJilt^^tii.. 

[003 1 1 \x\^xm2<r> { 3 ) Vim-ti. 3 1;, iifiN 

Sxf^J'^v-A'^l^iil 3±t. StRK-fb (LOCOS) 
5: , ^Ji.{f aSiOK^CatC J: -?-C20nm~50nmg 

(CVDJiChemical Vapor Deposition <r)th) ] ffilCi 
oT, ±iaK'ftM5 3±tCg^blg5 4^(5IJt(i'5 0nm 
— 1 0 0 n m^<?D/P$<5DM-ll:i^ 'J 3 >-C?g^-r^ « ± 
ieK^kJg5 3t3J:Vg-ftlK5 4<7)#IKl?{is -?-«0^£^L 
oc o sat: i I>s?jl:i0l^cm$ixs>^'-xt'-^c7) 
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[0032] ^C0^m2cr> ( 4 ) iZ^-TX 0 1-. ilftO 

tt-f 7ryx>y^y:/{iR I E tV>0 (R I EJiReactive 
Ion Etching<7)B&) D t-i-^T, iffi^v^X bfflPgPS 
6 OJSgBtfctt-i. ±iBg^kJl 5 4 . M^m 5 3 is J; V± 
leNfflxh^^'^i^A-yPSl 3cO±iI5:^*-r&. ±iBN 
Sxl^^'dfi^^yWJll 3cOK?*gil${iLOCOS|g'fk1t 

2i:-r-S.C:i:*^aS tV\ 

[0033] <XV^-C±ieP->''X M^5 5 Sr^tyt:^, 

03CO (5) iZ^.-rXot^z. Mxtf 1 0 00°C~1 0 5 

'(bcij; 0^J;i{iO . S/zm—l. 5ximSS«0JPS«0^ 
^^Jilt-ftJll 4 $r±lBNSxt"^:Jf 1 3 tCJB 

fig^-i.. -et^f*. ±!BS^t«5 4 cia2io (4) #.^:) 

[00 34] ig!v^Tia3cO ( 6 ) iZm-tXdiZ^ fflS<^ 

uvy'^y ^-nm^no. ti'iyi^xhmmzi.K)^ 

fe^*^^ 1 0 it^Uv-';^ bM5 7 SrJgfiKLf^f*. E 

ftJiiOm-T-^«mJi^^±ie 1^ i^'X b JS 5 7 i^vJ. h 
mn^5 8^m^-rh. <XV^T-MOW>>Xh«5 7S:V 

□gP5 8 J: OilENMxt^'^i^^/m 1 3trjp-^^' 

^(D4^ym?^^iiLx\t. ^mMz^)y^^y 

(P* ) ^fflVK rr*>S>^^x:t.;l/^-$'4 0keV~l 
OOkeVgJKtclS^L, F-Xfi5: 1 x 1 Qisil/c 
m2 —1 X 1 Oi6ffl/cm2 gJKtiiaSt^^C, 

[0035] <ji:»,^t:'ia3«o ( 7 ) c^-r i 3 tc, ±ffi^ 
o±Az^m\L<nf'Z»)<rim£M'5 9i. mui 

CVD^lCioT 1 0 0 nm— 6 0 0 n mSJK<^/l § 

M-fbi- y 3 yT'»«-r-i. . -ec^f*, 9 o o'c~ i o o o 

•CT3 0r«-SJS<^T--Uy:?'S:tT-5t". iiB-^:^^^ 

w^jh?i.mi2i,z^mthn* m^u^fM^^vtiim. 

•C±ie^xXM^6 0. H-fCliSQ^^rX^y^yi^'L-r 
^f*:^l 0±Sr¥i&-fti-ri>. 
[0036] <Xt-ia4c7) ( 8 ) {c^-tJ: ^ t-. MUi9 
0 O'CiOK^bl^J; -'T. ±iBNMXtf;J'df 1 3 



1 0 nm~3 0 nmg]S<?)J?$«Oi!-(ti 
^6 iSrJ^J^-fl.. 

[0037] w<^xmA<n ( 9 ) tc^-ri 0 liZ. a^io 

\^i^XYm(>2i,Z\^'JXVW^UU€>3^1^WL'th. »:V^ 
T-0:<Ol'i''Xh^6 2S:VX^lCfflV^/i'f yaAStB 
ICctoT, ±l51/>''XV^ng|56 3J;'5±ieNMXfi5' 

^'>^j\.m 1 3tC*^^*ili{£«i« 1 5 $rj^m-ri.fci^^^ 
pmppm3^-^^y&^^:t^, iico^^^y^^^tt 
xii. yf^nmi^zTi-^^ym-^ ^y (b* ) $rfflv^, tT*>ai^ 

x^-;k=^r— & 2 0 0 k e V~ 5 0 0 k e vmi&l>Z^^ 
t, K-XS$-1 X 1 Oi3ii/cm2 ~1 X 1 0'*ffl/ 

[0038] ^iOmJitau-i^'X h^6 2 $r^*-rS « 
ic*f6BflW!WmJ;-r^lSS:tf 0 . *-fia4<0 (10) 

1 0±i;|gl^SS2 iSrmtf 5 0nm~3 0 0nm 

y) xm^-t^, z(7)miimm2Hi. ^<r>iMxm 
WLZixh^—y^M {iy^}zxyy)v^—^j^m) co»$t - 

[0039] ij^lr-i-ca 5<0 (11) ^ZTT^i. 0 1-, {^iJi. 
tfCVDffitcJ;oT±iei^l^P2 l±tc. -t'Uv-'J 
rJ^MSr^Ji-Ji'l 0 0 nm~3 0 0 nm.W^cr>W-^i>zm 
^Lfz^k. ^:^ymM\.zii-^X. ±!S;KU->U3y 

mzpmpfimb Lxmx.\i-y -yft^^n^s^ > ( b 

cO'f ^y^A^ft^i: LX\t. rT^3i^^x^-.;Pdf-5r 2 0 
keV~l OOkeVgJgfciaSL. 1 X 1 

Oi*ffl/'cm2 ~1X 1 Oi6ffl/cm2 SJglilS^t 

[0040] <K^^x'm5<7> (12) ic^t"* 6 ^z: 

<^U y 7 < -^IC i oT±ffi#^4 1 ±0^- 
X«ffiSrJ^«^l.«(li±t-±ie^^'^ V-?^^ 6 4 Srff^ 
fiS;-ri>, -eU-C. <Ii0^i''XhVX;?6 4SrfflV'>fcX-y 

^y^^ectg («?iJ;t.{fR I E) iciot. }MmmMA i 

2ry^•^--y^■r•&, 

[004 1 ] ^<0f^. ±iai^i^"X 6 4 Sr^-r 

g|V^-Cll5<7) (13) tc^-riotc. <?iJ;ctfCVD 

mf,zi:'>x . ±fam i *ei»!S2 1 ±.<,z±immMA i 
s a m 2 wm. 2 2^mt imitmxmi^-t h <. 

[0042 ] mS^XM.'^<7)^)V-^'yy 'S-t^LWii'^no . 



(7) 
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i^xhm6 5m^-th, m^xm^. 

W 6 5 ^ V ^^^^x y ^ y J: o T , 
±ifill2i^!12 2, *ma4 1, l^lSfegiM2 l^tw 

'<->^Bgpaj2 3 ^m^-t^ . -e LT±ia3ims4 1 

[0043] ^cotk. ±ie^ i^'X 5 SrP**-r ^ . 

mzme<7) ( 1 4 ) (c^-ri otc, ^^i^xb-^j'^v'- 

(MBE) . iSlg;^2g'fl:^W«fflB&« (UHV-CV 

D) ft. MJECVDft^coj: o^StRxt^^v-^yHS; 
^RSffrti^T. ±iB'^-xWPa52 3«l*lgl5<7)NMx 

tr^^i^^/PJii 3±tc;, i^^jay-yfU-r-^J^ ( s i 

i.x Gex )<r>^^am4 2^m&-t^. C:c0^^li42 
*i»1f'^-xJ13 2lc^l>. -f-ixtfctlc:. |B|'v-;^M 
Pgp 2 3 (Op^m<D±im9M 4 1 cO^tHCi' U 3 
v-'>A*>A>'5rS^:SJi4 3Sr5g^-ri., ^^^«*ii4 
3-b<y'^yhK-xms3i>z^j:^> j:c:-C±Jax{iO< 
X<1 t-Ti.. 

[0044] ±tB^tl?xt^^i^A';l/-^^fN^W^ 

tC. >'^'UU>''7y (SiH2Cl2) :15sccm 
~30 s c cm CM*L<{i2 0 s c cmD fc, ** 

(H2) : 1 5 s c cm— 3 0 s c cm CaS t<{i2 
0 s c c mD t , ig-fbK* (HCl) : lOsccm- 
30 seem Ca*t<<i20sccmD iyif^vV 

(B2 He ) i:. ^';l^vy (GeH* ) fc^fflV^^, ^ 
t-C)«M»HMol±:ti^^Ji.<f«^Jx.{? 1 . 3 k P a~ 
5. 3kPa Ca*L<{i2. 70kPaDs^*aK 
^62 5°C~70 0'C Ca*L<{±6 5 0-C~7 0 0 
•C: , )£*3ffig^2nm/:«~4nm/:5^ (?t/it^> 
V^-^A^ 1 5%^t^J©^) Cffl^ L<{i3nm/:a~ 
4 nm/^ (fc/iL^ryu^n'^AS: 1 3%%Xs^^ ^ 

;^-v'rL'>A4'<7);^'>«^itS*n x l Oisffl/cm^ ws. 

h^^l/ZliO . 0 0 2 s c c mtiS^t, ±^yf\^^y 

*n o%mm (fzfzL. i o o°cT-fiS;*$-if:/t*^) a 

aiC-r-S.J^-^WiO. 32sccmtC^^?>. 

h.'^Vzi.^X. 'J^^yy. y)U'7y<7)mM^^-f' 

[0045] i7tUHV-CVDft<7):^-^Wi:. WMH 
XliZi^i^y y(Si2H6):lscc m~ 1 5 s c c 
m Ca*t<«i3 sc cm] i:. iSS (C 1 ) : 0. 0 
lsccm~0. 0 5 s c c m CMt L<{i:0 . 03s 
com] i^^-yy (B2H6 ) y)V-7y (Ge 



H4 ) i:Srfflv^. ^K#fflm^ffi:»]$rTOfO. OIP 
a^. mx.\t<^. 0 1 3Palcig^t. ^«iagESr5 0 
0'C~7 0 0'C CS*t<{45 8 7'CD . ^^m.^ \ ■ 
0 nm/^-2 0 nm/^ (^c/iLy;P-7-'>ASr 1 3 
tf%& ) Cfli!t<«415n m/^ ( ;t L^^UV 
x'^y.Srl 3%-i-tf^-&) 3 KIS^L^. -5-tT±IB>'' 

Anxl0'81I/cm3 — lxl0>9ffl/cm3 
(jt;t'L. 6 8 7'CT-^«$-tir3t^) i:^SJ;a{:-r 
S^tCtiO. 005sccm~0. 04sccmgK 

t'^ft^iir^v!*^) =3:1) J: d ic-f^^Kfi 1.0s 

fcL. 5 8 7'CX'^^^-tfz^) b^j:i.Xolz-thm 
-^iztiS. 7 s c cmfciS^-S. $ 4.fc±IB{Si:^3$fiE 

oi^z. mdp<r):!i-^^mmm. yfi^-?~''7M.mmi'ZX-ox . 
xhh. ttz±Misc cmiimm^mizion^immM 

oizm^^^fiho 

[0046] C:<7)S5?Xt:?dfi^ar;u^^g^ia6W 

( 1 5 ) ~ ( 1 7 ) c^wMizj: -oxmm-f^ « 

[0047] i-mecT) (15) l,Z5r:'tXdl,Z. W.2^ 
im22. ^«J14 l*3j:U'miifeSbM2 UcMtT'< 

-xmnm23^mm-h:r.^y^yyi:'if-ofzm. 
^zii-oxmmmmtth, ^lxmir:^^^^'^^)^ 

[00481 ^bXM6C0 (16) l>Z9ri-tXol>Z^ 
Xf^Jf i^-V/PJi 1 3±W±S/U 3>'y/l^~?-'>A ( S 

ii-x Gex ) (?)feaii4 2$:^ft?-ttSo SlJt^lW 
4 1 tfO^ffitCtti^U 3 yy/PV— '^Ac7)^:SJf 4 3 SrfiS 
iiOi:#. l?'ft;lKA-'^:5rSII2^iSll2 2± 

[0049] ^i)^Xm6<D (17) tC^-f i 3 iZ^ ±IB 
ifea«4 2 <7)^$*im 1 imm2 1 h k . 

^ftii4 2 kB£ft«4 3 1 *-'o>5:*^'0 , <-X«ffi3 1 
i::5r?.#«e4 1i:Stt'^-X«3 2i::5:SMfBil4 2 ' 
tfi^^yy h'<.-xJ13 3k:5r€.^*ii4 3tcJ;-5T« 

□gP2 3C«aitTV'>-S^mJi4 10C^:R:Ji4 3 5:J^^ 
««^4 1 i:i^fB«4 2 i: $:^ftiI4 3 T-«^-rS 

[0050] <J:V>f I17<^ (18) dZ^^X o i,z. 
ifCVDmiZXr>X±Mi<-:^mnU2 3<7)rtgPi3j:t/ 



[0051] m^^xmico (19) ^-y 

±IB'^-^IBPgS2 3c7)IBJMtC±fSfi£:l«4 
3*Sdtt«<^-9-^ K'>;r-;P2 42r±ieB!flil!S6 TT 
m-r-i), cico-t^ ^''>*-;^2 4^^iBi^i^>t^□gP3&* 

[00523 -ecofiiaTco (20) tc^-ri d fi^;t 

fctlc±IE^2ffe^M2 2±lc. x5-y^'«ffifc=5rS]S 
iiSlc N S^JiE^ U v 'J 3 y |g 6 8 SrJ^^-T 

S . iJ^V-^-C? 0 0 "C— 10 0 0'Cc7)iaK#ffl^-C-x 5 >y 

MX * >y ^'Jl 3 4 Srm-r -i. . 

[0 0 5 31 ji«yy^^97^-«tt<JtJ:-5-c, 

X s -y i?mm<^mss.i'Mmm±iz]y=jx h-^x^? e 9 sr 

J^^-r-l.. C:cr)l/i/;?.hVX^'6 9$rfflV^/SX-y^>'^^ 
mi ( 0iJ;iJf R. I E ) J: -> T , iie^K U 'J 3 V-MS 
8t-N* SxS-y^'a3 4tC«i^l.x5>7;?m®3 5 

[0 0 541 MVifiaScO (21) UlTrc-tioK. 

i^xh^pgPTi. 7 2&m-r?.. :L(r>v=J7.vm 
0Srvx:?tcffli^7tx-y^y:/^i (0iJx.{i'R i E ) 
io-C. ±ta^i^'^bWn^7 1, 7 2<^Jitg|5tCi3(tS 
^2»Si»2 2, |gl^^M2 l^^X.y^yytT< 
-X^ffiS l{c;^-r'?><-.^3y^^b;^-/l^2 6 t3 

[00 5 5] ^tfof^isi^i^'x hM7 0 i^^-t^ , -e 

(22) dz^^^oliZ. f^*jr^^)\^miiX 

Um IE) iCioT. ±fe«ffiJ^B&«S:^^°:5'--yi5'' 
LT, Jiifi^-xny^'^J' h*-;l'2 6S:atT<-;^ 
mai 3 1 tc«^-ri.^iR«® 3 6 , ±iEx S >y rJ-SSi 3 

[0 0 56] ^<?5f^ie^i^':^hVX:J'7 3^^L, 

Hsco (23) 0 t£i^^(r>^U Ti^-y b 7 vi^' 
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[ 0 0 5 7 ] ±tBm 1 mmmcommKD ( 1 
9) ci-j-cittHjucisiwiov^-c. mmei^Ki - 

Ef S^t-^-^^'Xy^y^t-^TO*^. (S)j^'J3i^^i^' 

;Ur?-'!7i.<;0S^B^BS4 2*^'x-y^y^$ill. i: , ®R 
I ElcJ;0^^;<-^/'S:Sttl)::i:IP*im§iil.. -e^O 

[0 0 58] m9<^ ( 1 ) iZ^-fXoiZ. HtrfEll70 

(18) izx-oxmrnttzmime Knm^TMiznx^ 

X. (5lJx.{fCVDj£Ki-5T±IE'<>-^ranSI52 3i^l*I 
g|5fcJ;t^J:IEIg2iffiliM2 2±t:M-fb8l mum^t'^ 

[00 59] W'^XM9cr) (2) iZ^-fXol^Z. X yf- 

y^•s^tj (Wi.(f«smi^^-i-''OR I Emm^zxh 

P:frttx-y^y^) ici-st. ilEK-ftJKe 7§:Xy^ 
y^^L, S^>tcx-y^yi/L/ii!'fblS6 7Sr^x^'t-C 
iteM-ftMS 1 Sr^Ji-Jf-^x-y hx-y-^yjJ'lijco-Cx 
-y-?-y^^t, ±Mi^-xma^2 3C0ffl!lMfc^*B4 3 
^rSaS^CBSS lt3it^fl:IS6 7*»/b^l.-9--f b'*?* 
-)V2A^m^'th. Z<r>^^ Y'^ir-tV2A<,zmt.iX 
/S^PgB*^'X 5 -y ^'^PgB2 5 tC^I. . 
[0060] ^^3, ±!EIS2^JK2 2 SrM-ftM-Cli^ 
-ri.J^l=li. Jljf*W<=3:Oi-i='2.i:Jt£J:'3*^:^^<=5r 

^^fiX\^hmmMA 1 Sr«^-r-l.'-K'J v-U nyco^^a 
^:g3&sffl;i i?>ti., ;ff U 'J 3 y<Ofi;ta^*«+:»-fcT{f 

01 Oco (1 ) tc^-tJ: ot:, iSM-lbi^^JK^-r 

^mi:, »«S4 i±.f.zmim2 2n<r>m-ni:mm-h 
fz»><m.^ mmmti^') ^ ym) 22s ^i^^l 
td{k. ±.mmm2 2n^mm-h:i):.tmt.u^. -r 
^shh. w>2wm22^mm22st^im22ii 
iKmrnrnxj^m-t , 

[0061] ^<r)^k. mmecT) ( 1 5 ) - ( 1 7 
X'^xmmLfz<r>tnmiz\^x. hi oco ( 2 ) tc^j^f 

J:otc. ±iem2i^lS2 2, »«Ji4 1, 1^1 

2 lt:<-xraPgP2 3$rJ^)St3tm, mmzi.'^xm. 

m^mmt-th. ^Lx'm^x.\^9^i^^)v^9c^w^ 
[0 0 6 21 ^Lxmi 0(f) {3) ic^-ridt. '<■- 

xmuU2 3c7)JSIi5(;t3(tl.NMxh-i$'^->-v;Hll 3 
±.{,Z\i>'')-nyy)V-?~'^M. (S i,-x Gex ) <50^^B 
Ji4 2^^:R$-l±i.. *:itl^'<.-XffiPge2 3<0i!IMt- 
i3{t-2.^«14 IcO^MWii^Unyy/l'VXi^yAc?)^ 

[0063] ^*^'Tia 1 OCT) ( 4 ) J: o tx. ±i£ 

igaJi4 2<?)^S7!>«mi«a*lil2 lw;|C$Sr«S;c^i:, 

^^bM 42 1 4 3b *-'o55r*^' ^-xmmt^^ 

^mmM4 1 i;*tt'<-^«i:=5rSigaJ14 2t*>'^5 
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[00645 ^Lri210fc:<J;oTMBBt^J;ot;S^ 

fcct^=5:. S-fkM6 7$rRl E^SIS^^7}■-^^'x■/^y 

01 icO (1 ) ic^-TJ; otc. MieiaTcT) (18) 

±iBm2«s^)^2 2±tcS'(l:^ (mtimiti^v a y 

[0065] SSV^THl IcO (2) iZTjK-tXoliZ^ X-y 

^yj/L, §<blcXy^>'i^t/il?'ft!Si6 7«:VX;?t 
T±iBM-fhM8 1 ^mti^'y^-y h:C'y^y^t,zX-oX 
x.-y^yyL. ±ia^-xraPgB2 3i0ffl!iatC^;RJ14 
3*aoM^tMS lfcctl/^m-ft)16 7*»A>^^-9--f 
it-)V2A^mm-h. :i<r)^>{ Y^^-)V2A\,zmt. 

[0066] ±SiM 1 OSSjt:^60*Sfe5g®t:ii, 
xmum2 SiOJSasCfcttS NMxtf^'#i^^;WJi 1 3 

l,i:^;i>tc, |Bl<-X^PgS2 3iOrtgPlc^{i}L-CV^S 
^«J14 liO«®tc««Ji4 3Sr^ft^-ti:r, ±i5«^B 
S4 1 tlSdJ^^MA 3 i: ^bt^h. 
B4 2i:^«ii4 1 k*-'^*J14 3t::J:o-Ctggg$tL 

I, . -e UT , iiei^^Ji 4 2 -c«i4<-x 3 2 Stj^bk 
±IE#««4 1 •c"<.-x«ffi3 1 s-j^^-rsc: t*» 

ib. ^*JS4 3*-V^7b^-XJi3 3 t^^, ^^7)^^ 

[0067] <%{,Z:^WmW.2(^^Wmm^Z{^i:>h% 
JfiJ^®C7)-|?«J^s 01 2c0ill«&1f^PfflllC<t'?TiftBfl 

-f-s., iii2T'f±, m^nzi:r,xu^\^fzvm,^^ 

[00 68] 121 2i:*-rJ:3t. PM-C'<10 0>^ 
'J3y««i:V^^) 1 lC0±)iWi, HiUJ^^on^^'^ 

htch^* sai^a^Jii 2*-'J^^$i^■rv^§. $<i>t- 
±l£xU:3>'«^l l±W±NMxf^df>'Y;l'«l 3 

im^^itx. ^wmL\ o*iis^§iiTv%s. 

[0069] 3i/>:±iBNMxt':7df x-v;!^;! 1 3tfO±Ji 
?>f>:J6<7)«i^^^K'fb^ 14 (14a) fchtlcrJ^i? 
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14 ( 1 4 b ) mum^ti^ u :3 y^^z ■ 

X OJ^^StttV^I. . * LTH^^H-Sm^kM 1 4 acOT 
g5<^)±IEN MX t ^' ^ A'/l'S 1 3 C(±±f Bv' U 3 y^ 

<D}im^zmth Siom^sttetiii 1 5 

fig^ti-CV^S. $(^fc±tB3^^':J']R0tiJt^l^iONM 

xt:?4fx^;uei 3Ui. ±iBN*i!a»6a;^«i 2 

[0070] <i(:tC3|s^BJco!^igi: ■r2.«fi£Sri$i0«-ri. . 
J:IB^«s»«l 0±.<,Z\t^\^Wk2 lifimt^mVL 
i^^)aymX'm&^tiX\^h. c:coigl^^2 l±(c 
{i:dfJv-'j3y*>(i>^i,««S4 11fim^^fiX\.^^. 
fCEtt'<.-X<^?^B!t^^«l*-tl-*3ltS±tB«®i 

4 1. isife^M2 i^wiNaxf^=sfi^^;i-«i 3 

c0^igic^-ri><-;^raP^2 3*^'J^^§ixT»-^l.. c 
cO<->?.WP^2 3cOI*lS5cONaxt':?^>'-v;Wigl 3 
itCtii^U nyyvwvcii'^A ( S i i-x Gex* ) W^^B 
e4 2*-'^^l.*tt<-^'i3 2AiJK^$ixTV^^, 
^^±ia»«ii4 l<0«ffl «-^gHP§l52 3fflli>-i-tf ) 
lC«v-U3>'y;l'Vri'>A (S ii-x Gex )<0^;RJi 

4 3*^'»BS;Sixtv^-i.. ^ciT±fax{io<x< 1 t-r ■ 

h . -e L-C±iBi^aJi4 2 i:fi£fte4 3 i:{iS«g^ixT 

[00711 -T'Srt)^ , ±£«^«4 1 ti(^±mizm 
^§iX^C±IB«ftii4 3 tT-<-X««i3 1 
iX. ±l^S«4 2-C-*tt'^-^«3 2*i««$iX. ± 

fa<-:^wp^2 3ffl!io3s«e4 1 commizmi&^tit: 

^:SJl4 3Ti/^7h'<.-X«3 3*-'««$fLTV^|.« 

^MAscoyyy h'^—xm ssizx^ xM^tfjtizw^ 

tC)!KSil4 3*^m$nTV^T, «««4 1 t^^MA 

2btm^m4 3i,zx^xmm}i:zmm^tix\>^h:it 

[0072] S ^>tC±fB<-X«;@3 1 ±(C(i:ll2^iS 

IK 2 2 i)m timiti^ 'J =1 ymx-m^^ tix v $ ^ 

tc±IB'<.-;^raPSS2 3<0illM{c{±±iB«*e4 3$rS 

4 tcH4ai>^^*^'x 5 y ^ffiPgp 2 5 (c=5r ^ , ±tBx 

5 -y^l3Pa52 5<Oi£gi5K*Jft«.±fB^1*<-^«3 2 
tfO±Ji M<7)x 5 -y ^ if 3 4 ixf V> I) . 
-e t-C r COX 5 -y 3 4 ll«^-ri.4t®t-±iBx 5 y 
9W^U^2 5fc{±x5 -y^'ftfii3 Stm^^1XX\^h. 

±iB^2^M2 2, ^-xmmslt-h^xhJ'^ 

^-y<rmMzh^^ H'>*-;i'2 8*ijg^SixTv^ 

[00731 *^±iB'<.-^1ifiS 3 1 ±(7)±iBS 2 ^ 
!K 2 2 n >- ^ h Ttt— ;W 2 6 t^B^^iXX V ^ 
I), ^t-C'<.-^3>^'^ ^+^-''^2 6 2^at•C±iB'<^ 
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il. ±iai S ^m&3 5±(C«4X5 -y ^'^Mfl® 3 7 
S tw±IE3 1^ ^' :?JiX 0 ai tJi 1 6 

^, Xi v^. rJl/i7:J'^mm«s3 6. 37, 38{i:. 

Mf-?-^'^ (Ti ) ^tmmt^^y (t ion) is 

[0074] ±ia>'SM*f-5h5>'>'';^iJ'2T{4, ^fa 
if 4 2 i;#^4 1 fc*^3)E€JI4 lc7)*ffltcJg*L3t« 

X'^'^^tlh%'&L^—:^M3 2tMVMA 1 i:^*Ji4 
3tX'^^tlh'^—:xMJ&3 1 '<.-;^^PSC2 
3i!l<?3^m«4 l<0*ffitCJ^^SixTV>^Bg;:aii4 3*^ 
^>^l. ^7 7 h<-xl 3 3 J: -pT«mMtc:if ig$ix 
I,. icoidC, <-xPBP«B23<^MMt'j/97b'<. 

[00751 <!Ki.Z±im 1 3 TiiBB t^^«^«i!! 

j§:firftSr. lai 3-01 7tcJ;-:>TP*im0Bi-^. 0 

1 3~iiii 7t-{±, msm2~-mQi>zx->xmmLtzm 

^mSi>tnW.<^i><r)i,z\m-'^^\'^. *!t#H<o 

[00 7 6] mfeii2« ( 1 ) ~miaia2« {3)jzi. 
r,xmmLfz<^tmm^z\^x . m 30 ( i ) ts^-ri 
mm^<>zm.\tTy^'f^y {^^1 03 ) s-*o 
mttzry^^ty (sb) co^fflfetStt'i-^-c, pSt- 
< 1 0 0 >^^B:6-(2«»^fBS^ 'J 3 >'*><^^^ >- 'J 3 y 

CO v— b ^Si P s {±^J ;i {i' 2 0 Q/D- SOCl/Ut 
J£t5r<?ii5«41;"m~2/xm^fct-|). ^tT$<.ffl 

[00 77liggV^TXt^^>'A';W^*at-<t-:>T. ± 

**^0. 3i2cm~5Qcm. §*^0 . 7//in~2/i 

2*^'±IBNaxt'^^v'^;Uil 1 3c7)Tiit-t£Hjrri). 
;c7) J; 0 LT, 1 0 Srffi^-r i> . 

[00 78] iX>'^T'±iaNaxt::J'dfi^^^l'»il 3± 
Iw. StRK-fb (LOCOS) }£S:ffd^<7)yN'-y7r-Ji 
LT^-fblSS 3S:^Jx(JK'(bi^'J3y|l-C-J^ 
BKL. $A>(CvltOK'(l:)S5 3±tC§'fkl854$:0iJx(f5 
0 n m~ 1 0 0 n mgJ^cTjJf $ iOM-fti^ U 3 yX'^^-f 
±ieBHkB^5 3t3<J:t/M'fbJS5 4c^#llW«±. -e^O 



f^cJOLoc o smiizi. hmtcr)mt,zm^^tii>^-^-x\L 

[0079] -ewf^ia 13(7) (2) l,Z7p-tX 0 IZ^ ji^ 
±iSg^US54±lcWi-';^MS5 5S:?^«t^m. ^ 

m^^Mftgfc n l^iJ' ^'IX 0 lis tJfelSciit^JSfiS?'^^^ 
i?tcfflv^^x>7^yi/«ttri (mt^RiE) icioT, 

±IB^ hmn^5 ecr>&^(,zi5i,fi>mm5 4 . e 

•ft;K5 3, ilENSxt^'^v'^yUill 3<7)±JfS:^ 
•ri). ±iaNMxt^'=Jri^-^;l'«l 3c0^4{4LOC 

0 sS-fb»fc«B*«{Jt?¥fflft;$ttS J: 0 1 . H^U^ 
C7){5a' 1 / 2 1 1- 1. ^ i: *M 1 1 V \ 

[0080] <J:<,^T-±fB^>>X hM5 5 Srl^*U?tt^, 

01 30 (3) tc^-ridt. flaji.{fl OOO'C-l 0 ' 

5 0 '■c^c7)ia^iiH^T- 2 ^fa~ 6 ^ras^co*^ 

iS'fbtCiOe'Ji.ffO. 8Atm~l. 5umm&<^!f^(0 

m'f'^mmMM 1 4 ( 1 4 a . 1 4 b > ^±iBNaxt 
i^m=F^mm.im 1 4 b ^m^-t^ . -ecofi^, iiag-d: 

m5 4 m2<7) (4) #B^: 5:f»i'jyl!^fflV'>^^x-yf- 

y^t,zX-oxmt:^i>. 

[0 08 1 ] m^^xmiim3<7) (.ey^msco (id 
i,zX'oxmmLt:<^tmmcr>j:mt:no . '?-ttS:0i4 

(r> (4) ~ (6) izX-oX^-t. t-rmiAcr, (4) 

ip-tioiz. M^<^vvy'7y ^-i^^i'ZX-oxmfS.L 

tcio-C. NSxt^'=3fi^A';Pei 3(7)rJ^^':7IX'3Jli 

m. 1 Oitc^ffl-fbcO^J^)^®^ 5 9 S: , Wi-lf 10 0 
nm~6 0 0 nmm^cr,m^<^M^t>''J^yX'mf&Lfz 

f^, 9 0 0 'c~ 1 0 0 o'c-c-3 o^sigcoT-- 'J y^ 

S-vStt-fEL. ±fBN* Sffi«>j^Jgl 2t««fri.N* 

SrJP^'rJ'roOtiitJfciJtJil 6$:}^^-ri., ^'^^tCl^i^' 
X bM^|jStSi::«t -^-CilBK-fb^ 5 9±(c>N'-X^-/ K 
<7)TiB-ftiiDy::*^<0P'i^X bil6 0 ^B^-th . 

[0082] >e^^f*. X.yf-.'-^■y^S^I^S:fflV^•C±IB^ 
i^'XMieo. M^l:M5 9^2:X-y^y^'t. 014CO 

( 5 ) ic^-r J: 3 ic. 1 0±Sr¥m^S , 

i^V^Tm«9 0 0^«0®Kkt:J:-'T. ±IBNSxtr:5' 
^i^^fUmi 3i!l<7)*®{-M;t{f 1 0nin~3 0nmg 



(11) 
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[0083] iX^-^X'M^coU vyyy -f -SftSrtT^ . 

^-f. mmm^ 1 srmt/>:^fta«i o±cu 

^^^Mli±iO±ie^ i^'x b K 6 2 1;^ i/';^ h ^PSP 6 

V^^'fjJ-y^l^ffit-ioT, ±ia^i^'xhg3Pa563 

i 0±ffiNSxt'^^i^-v;l^a 1 3tc«^^Sitel5tJil 

{ B* ) S'fflV-*, fr*>a;VX;t-.;W^-$- 2 O O k e V~ 
5 00keVmjgtct§SL, F-Xfi?: 1 X 1 O'^ffl/ 

[00841 ^<7)t^iu-Jx M16 2 Sri^-rs . <5: 

( 6 ) C^-r i 0 ic. fi?!l;t{f C V D^tc J: -CilB^ 
1 0±l;IS 1 i^lS2 1 i:mti£ 5 O n m~ 3 o 

[008 5] ^C:>(,zmz.iicvDm(,zX'^x±mmi^ 

MiM2 1±C, ;K>;i''J3>')15r^;ttfl 0 0nm~3 

•oT , _hfe^ u 'J =j ymi^z pm^rn^ t Lxmtifz. 

•^ii^^X;^;Wdf-^ 20keV~100ke VgJglClg 
1 X 1 Oi*<ffl/cm2 ~-lxlOi6ffl 

[0086] iXl'^T'ia 1 5C0 ( 7 ) t::S^-fJ; o dZ, ilS 

■c±ie^ttji4 1 ±i,zu=jx hm9 1 srj^fK-r^, s^v^ 

□^9 2$:ffM-r'i.. -eLT, Pi>XhM9 l2rVX^ 
i,zm\'^rz:c-yi-yVmS {mx.l£RlE) liZX-yX. ± 
ia^«)i4 1 }if^lfmm2 lbi::J^'y'f-yyVX^- 

[0087] ^<0m. ij£U->'';^bJ19 I2r^*-ri.. 

m^xmi 5cr)(8) iiZTrrtxoiz. ^mzj:':>xmm 

im^'itLXij^h. *^i5xb-iS'4fi^- (MBE) . 

mM^'itmmm^^ (uhv-cvd)>£. mmc v 
Dmm(DXo^x.\^^^i^^ji'^-s^Wji<z^'7X . ±ia 

<-X^PSB2 3i01^aP<?)NSxt:J'dc->'^;i.Jil 3± 

(C. j^U3y^';l/-7-i>A (Sii-x Gex ) c^^aM 

4 2 ^mm-^. zcr>mm4 itm^^-^ms 2t,z 
ts:h. ^ntti,\,z. ±iB^^4 \<r>mm i^-xwi 
□gP2 3(iit)-^tf) ici^y 3>-y;i^-7-'>A*^^>^i>^ 
^m4 3^mm-^. z<7)^^m4.3ti^^yh^-x 



l3 3lC'5rl.. ^^T'±IBX{iO<X<l t^l.. 
■Ciie^^Bl 4 2 coif $ 1 2 1 jSS 2r«S;t 
I. i: . ifeS® 4 2 i: Bg*S4 3 i: , L^v!)!?*-? 

'<-X«®fc^.S«ffiB4 1 tStt'<-Xl3 2fc 
{±^:RJ14 3i)^(>^h^yyh^-xm3 3l>zX'oXm 

m^tit^i^i^'i^' cicoiotc^^Bflrti. «^4 
io«ffi{cfife:Rji4 3^jK^t. mmM4 1 fcMae4 

[0088] mzm 1 5<?) ( 9 ) (CS^-r i 0 t-, ^Ji.«f 
CVDftfcio-r, ±iEiSaB4 2t>J:tXj«:feJi4 3± 

tcig2i^)i2 2Sri?iii.«imm (mx.im^t=y')^y 
K-xnM^m&-rhmm±i>zui^^h'7x^9 

3^m^-t^. ■^LX:i(r)U=JXh^X9 9 3^m^'^tl 
:cy^y^ mHiRlE) ^zX-oX. ±ii^2m^^ 
2 2, JSS14 3, »««4 l^$rX y^y/-ri.. 
[00891 ^<0J*IR, 01 6<7) (1 0 ) ic^-f J: o 
iz. ^M:m4 3i5i:X/mVM4 1:b>k^j:t<-xmm3 

1 S:-^t^^^•^'->' 9 4 *«±g|5tclS 2^M2 2 Srtfc^ir^w 
It^tcmStr-l.. -eeof*. ±ia^i^'xMl9 3 CSl 
5<?5 (9) #ff?J Sr^*-ri., »:v^T-Mi.{fCVD&lC 
j:o-C±fS>^^-y 9 4 &aatt®lc±iSlg li^M2 

I., 

[0090] 6<7) (1 1) tTF-Tiotc. X 

J:-S.S^rttx>y^y^) ici^r, ±iBi?-ft!!g6 7 Srx 

•y^yyV. ±E'<.-X^PgP2 3«ffl!lM(C, 1^2^ 
M2 2i:±iS^-fU16 7i:*-^^l.^f^ H'^:*--;l^2 4 

^m^-f^ tth\,z^ ±m^'^^-y 9 4 (7MMizm^\M 

6 7*>^>^4^^^ K'>:r-;W2 8 2rJ^fK-r-?.« ilB-^-^ 
K'!?:r-;t-2 4tcHtiT./cBBPgl5*^'x5 •y^^Pa52 5 
li^S, ±lB-9--< l^'>^->'l-2 4, 28^m^-t 
tmi,zii. rJi^^'^J'lROaitfiKiicJil 6±^mii^^)8i 

2 1 tI^*$tt&^:J^>. 3^^'^]Rt3aitH£lfcJil6Ji 

[0091 ] ^<^mstsm7<r) (20) ~ia8<^ ( 2 

1 7« (1 2) ~ ( 1 3) i^zX'^xiik't. t-rmiytT) 

(12) tc^^-Tidt-. ^Ji.H"cvDatcj:o-c, ±iB 
x$.x;J'gHPgP2 5C0I*ia5fci:ticm2i^ll!2 2, 
h'>>;r-;W2 4, 2 85ra-5^R«l-, x= 

^^l^^iJKCNS^^^!l?!lS:-&^fv:4^ y y 3 6 8 

J^^-rS. <5^V^-C7 0 O-C—l 0 0 O'CCOSKI^H^T 

x5>y^r--UyjJ^$rffV\ Ktt'<.-X«3 2(30±a 
tcN* Mx~ •y:5'Ji3 4$J^B£-r?.. iXt^fflm'JV^^ 
y ^ -imi^zx-^x. X 5 -y ^-mcoj^^i^SMJ&JiK 
ViPXYn9-ye9i:mi^-t^^ ^<r>]y=JXYf^9- 
ye 9Sr-7X^tc;fflV'>7tx-yf-y^Wj (^J;itfR I 
E) {.zX-yX. ±IB;KUi^y3ym6 8tN^ Mx5-y 
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^'a3 4tcii?igS-ri>x5-y^'mii3 5SrffM-tS. ^(0 
[00 9 2ligHr''Tlll 7<D (13) iZTr^-tXoiZ. M 

m comm. fcJ:t>'-^iOPj^'xh^Xi?Srffl»,^Jtx.y^ 
y^^^ffi (mtiiRlE) izX-oX. ±IBII2*6iSM2 

{i, HuiailSiO (21) {cJ;-?TSiSL/^<7)t{i:S^ 
0. <-;;?.3>'^'^h4^-;l^2 6co;^S:Jg^-tl). 
[0093] -ecOf^ilEU'i^'X hvx^ Sr^LT *^ 

Srfflv^7tx>y^yi/S«j (^Ji.(fR I E ) tcioT, ± 

hi-x-;l'2 6*3iLT'<.-:^^3 llc;^^-tl>^Sfl; 

ffi 3 6 , ±f BX S ••/ rJ-miS 3 5 ttg^-T ■i.^SflSi 3 

7. Limm 1 6 tis^-r ?.#««as 3 

[0 0 941 'e^0f*±fB^'i^■^^'7^^^^*L'■^^ 

^*r-9h7yi^'x^27&>'j^fi£§ixi.. ^JiiEia 

[00951 ±iEii2io»lit:6«<^lU6Ji^®rti. ^- 

±.[zi^ U 3 yy;Uv::^'>A*»^,^^^a«4 2 ?r»^-r 
1. 1 t fc. »«ii4 1 <7D*H ('<.-;^^agB2 3 rtffll 

) (~j««ii4 3 ^mMz^^x . ±ie^a«4 2 i: 

imL^MA 3 1 ; i: , ^^84 2 

#«J14 1 t*^^ftJ14 3lcJ:'>TW*tcS^^$itS. 
-f-LT, ilBSft/f 4 2f*tt'<-:^3 2immV. ± 
ie^«;i4 1 i:-?-^7)±®<7)^*)i4 3kX'^-:^nM3 
1 S:jeB!c-r^>Ii:*^^>. '<-;<.WPgg2 3iI!|(7)^«J14 
1 l,zmm^tlX\>^hmWMA 31fiy^y h^-XJi3 3 

^ LT . yy y V ^-xmmt^jihu-att^i^^zmm^ 
tifzw^i^zmm^tih. 

[00961 

at^ctwi. ^^mtmmmti)m^m^zX'oxmm'<z 
w^^tix\'^^<^x\ m\^m^mfi%^fih. tti^^ 
mx'^-^m (K-tf^-x) tmm^tix^^x. mmM 

X'^-:^VMtWm^ii-X\.^hcox\ mwMiizmm^ix 
rzm^mx':/yy y-^—:^m^Mm-t^^t*^X'$h. 

y^y Y'<^-xw§.hti:h^'Tt^±m:m^x:%h . 
[00971 ii^wj\<r>^w^^m<^'^-nmzxiv,t. 
mmM<rmmz-^^m^m^^^h<ryx'. m^h^ 
wm.^xz'm^^^fz^^Bm t ij^m^mi^zx-^xmm^z 



(i, yy y h^-xm^m^mx-m^'th z. tifX'% h 

<r)X\ ^S^ff)i<'^^—^Vyy'Jy^'!'^zYL^l,X. ify 

[0®cofsm^iJtBj] 

m 1 1 im^<n'm 1 (r)^m^w,zm>h^smwn 

[021 *3%Hfl«is 1 <nm^ifmiZ\%.ir>hmmmffm 
iixs0 (^(r>\) X'hh. 

[03 1 *^BH<0|g 1 <0i!Bt*^C^i5S^<liJKRI<0Sg 

itlSH (-?-i^2) r'$>l.<. 
[114 1 *3%HHcoll 1 (nWk-)im>.z\^hhm:mmM(^m. 

^sia (^<7)3) f . . 

[051 *%HBco^ 1 c73SJt:^tc:^i7S^«Be®cosa 

[061 *%Hjcoii 1 (nm^-nm^z^h^^mmc^m: 

^MJMWi(^<r>5)X'hh. 

[071 *i&BB«o^ 1 (n'^-nm^z^ioi>mimm(rM 

jgX3S0 (-e«06) ffcl.. 
[08 1 *5|HHolSl <0S8jg:fe«l:^*>a*J»^lt«0!8 

itlS0 (^c^7 ) T-S)?*. 

[091-9-^ Y^i[-)Vff)m<^mm-}jmz{^i>hm^m 

Xhh. 

[0101 ^^ei:«*ii<^m:fira«IKHJ0T-$)^. 

[01 11 if-^ Y'0ir—)V(7m<rm^Mz^i>hW'^ 

mxhh. 

[0121 *5|BB<OSS2<73^*SSt-^*>a*SfeJ^Jg 

(rsmmmmmx'hh . 

[0131 *^HH<5Dii 2 h mwm<r> 

SBSISH (-e^oi ) -c&s. 
[0141 ^wPiiy^w. 2 tfos^^r^i:^i?a«iJ^®<^ 

[0151 *^BB<7)m 2 <rm&-nm>z\^i:^ h m0m<y> 
s^g0 (-e^os) x:hh. 

[0161 *f&BM^7)^2<?D«it^r^lc:^t>aMffi?^®o 

^jaXg0 (^<04) Xhh. 

[0171 3|s^BBC0lg2c0SSjfi:fe-StC^*"5*l«?^®<^ - 

igjtxs0 (-e<?)5) TSb^o 

[0 1 8 1 Sll fi!*^JtfOX 5 y ^/'<.-Xje^Sc7)|a 
BJ0T'$>'S><, 

[ 0 1 9 1 111 fi!5|^<^x 5 .y ^'/^-XJ^jfeTScT^iji 

BEST'S) i.. 

[0201^2 wm<r>:x~ 5 -y y^~xm^u<om 

HB0TS)S, 

[02 1 1 ^2«!*0(«OX$.y:S'/'<-XJ^^Sc7)itt 

BB0-e$)-?>, 
[flF-^iOiJJHfll 

10 2 1 miimm 22 m2 

2 3 ^-xmD3 4 1 mmm 4 2 
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